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Abstract 
The term Semantic Web refers to a version of the Web where information has meaning and 
it can be shared and reused. Many languages and technologies were developed with that 
scope but one of the most powerful tools developed are ontologies. Ontologies provide the 
means to represent knowledge in a structured way and to set links between knowledge 
items. Many ontologies were developed during the last years dealing with various concepts. 
One of the most important of these concepts is Energy Management. 
Energy Management refers to controlling the amount of resources used in order to eliminate 
the energy consumption wherever is possible. Some of the most common natural energy 
resources are sun and wind. For that reason, many systems were developed for taking 
advantage of those resources, such as the solar systems. A Domestic Solar Hot Water 
System collects the solar energy, and, by processing it, provides to the household hot water. 
Thus, many households install such systems in order to gain all the benefits from the use of 
a domestic solar system both for the environment and for the residents.  
The purpose of this thesis is to develop a web based decision support system that enables 
the user to choose the appropriate configuration of a Domestic Solar Hot Water System. 
The implementation is based on Semantic Web technologies and allows users to insert input 
parameters for proposing the optimal configuration according to specific criteria.   
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1 Introduction 
A vital term of the recent years is Energy Management that refers to the process of 
controlling the energy resources. Since there are many available resources on the planet, 
like wind and solar, Energy Management should be used in helping the reduction of the 
environmental pollution. For that purpose, many households use various systems in order to 
take advantage of these energy resources. The most common systems are solar systems that 
use energy from the sun for producing hot water. 
On the other hand, the Semantic Web is a rapidly evolving web technology. Semantic Web 
is the new “version” of the World Wide Web as we all know it. Its main objective is to give 
meaning to the information and links between entities. This goal was the primary reason 
that led scientists to envision this new type of the Web.  
On the above basis, many languages and technologies have been developed the last years in 
order to fulfill this vision. Some of them are XML, RDF, SPARQL, etc. A big part of the 
Semantic Web are ontologies which are the tools for representing knowledge and giving 
meaning to it. The most common ontology language is OWL. More information regarding 
these technologies is given in the following chapters. 
Combining the above, the subject of this dissertation is the development of a Decision 
Support System using Semantic Web technologies, that will provide to a user the means to 
decide which is the appropriate Domestic Solar Hot Water System for his/her household. 
This system should ideally be a Web Application.     
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1.1 Structure 
This thesis is structured into chapters as follows: 
 Chapter 2: 
This chapter offers a detailed description of the fundamental technologies applied. 
The chapter contains brief descriptions about what an ontology is, why ontologies 
are useful, how they are implemented etc. Afterwards, the focus is on the type of 
ontologies that are more appropriate for this dissertation. For that reason, there is an 
explanation of the various types of ontologies that are used for defining the energy 
management at domestic level. In addition, there are descriptions for ontologies that 
are specific in the domain of solar water heating. Of course, for each ontology 
details about its features, entities, relationships etc are mentioned. Eventually, this 
chapter ends with a reference to the semantic web’s principle about “re-usability” of 
ontologies. 
 
 Chapter 3: 
In this chapter the definition of the problem of this thesis is explained. More 
specifically, the reasons that lead to an information system for finding the 
appropriate configuration for a solar system are analyzed. Also, reference is made to 
the reasons that energy management is very important nowadays and to the benefits 
for a house to use solar energy for producing hot water. Subsequently, a description 
of the system explaining its basic components and architecture is defined, also 
describing the implementation methodology. To sum up, this chapter is the design 
process of the system.  
 
 Chapter 4: 
In this chapter a detailed description of the application is reported and consists of 
two parts: the ontology and the front-end of the system. The former focuses on the 
ground ontology chosen to be extended and reused. Considering the “re-usability” 
principle in the semantic web domain, an ontology more closely related to the 
subject was extended and integrated into the proposed application. Thus, a part of 
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this chapter is devoted to the description of the ontology. Additionally, there is a 
detailed description regarding the implementation of the front-end. More 
specifically, this part deals with the technologies (e.g. Java, JSP, RDF, SPARQL, 
etc.) deployed for implementing the interface that the user will use in order to find 
the appropriate configuration for his/her household.  
 
 Chapter 5: 
In this final chapter a quick review of the whole dissertation is reported. There is a 
summary of the subject and then a short reference to each part of it explaining its 
operation. Also, any conclusions reached while implementing the dissertation are 
mentioned. Finally, suggestions and possible ideas for future work, improvements or 
extensions are discussed.   
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2 Literature Review 
Over the years, technology evolves more and more and the Web is now part of peoples’ 
everyday lives. People use the Web for various reasons: search for information, read 
newspapers, play games, watch movies and many more. Statistics show that an average user 
spends approximately 16 hours per month on the internet. Another important metric is that 
an average of 30% of the world’s entire population is always online. This is an impressive 
number, considering the fact that there are still countries without the basic technological 
infrastructure and people that don’t even know how to use a computer (e.g. babies and older 
people). [1] 
Considering the above it is obvious that the on-line users have more and more demands and 
so scientists are constantly working in order to improve the operation of the Web. A vital 
problem that the World Wide Web faces is that all the available information has no meaning 
at all. In addition, all the operations that a user can make such as translating words, 
borrowing books, or buying products, are not possible without users’ guidance. The reason 
behind this weakness is that web pages are designed to be “consumed” by humans and not 
by machines.  
On the above basis, the vision of the Semantic Web was introduced a few years ago. This 
vision was to create the means for enabling the machines to understand the real meaning of 
information. Unfortunately, this idea was not easy at all to implement, since it requires that 
information should be semantically structured.     
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2.1 From Today’s Web to the Semantic Web 
The World Wide Web (WWW) is a place for communication and interaction between 
different users and machines.  In other words, WWW includes all data or information that a 
user can access through the internet. Due to the rapid growth in the number of the users that 
daily use or share information on the web, it is extremely difficult for a machine to process 
all the available information. Additionally, the current Web has many weaknesses such as 
the low precision (i.e. unrelated results that a search query may return) or the inability of the 
machine to extract meaningful information from documents. For these and many other 
reasons, there was a huge need for the Web to become better. The evolution of the WWW 
as we all know it is called the Semantic Web.  
The main goal of the Semantic Web is to enable users to find, search and share information 
related to their needs. Today’s Web gives the opportunity to the users to perform many 
operations, like searching for a book or translating words in other languages. However, 
machines are not yet able to perform all these operations without user guidance, since 
websites are developed in such a way in order to be readable from a human and not from a 
machine.  
For the reasons mentioned above, the vision of the Semantic Web is to create the 
appropriate infrastructure to enable machines to understand the information found on the 
Web and interrelate information items already existing on the Web. Of course, such an 
understanding of information by a machine is not easy to be achieved and it requires that 
the relevant information resources must be semantically structured, which can be very 
challenging. 
2.2 The Semantic Web 
The Semantic Web is promoted by the World Wide Web Consortium (W3C)
1
 and its main 
goal is to help machines to understand the meaning of the information published in the 
WWW. The Semantic Web was a vision originally described by Tim Berners Lee
2
 who 
invented the WWW too. As he mentioned:   
                                                 
1
 http://www.w3.org/Consortium/ 
2
 http://www.w3.org/People/Berners-Lee/ 
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“A Semantic Web has yet to emerge, but when it does the day-to-day mechanisms of trade, 
bureaucracy and our daily lives will be handled by machines talking to machines.” [2]  
Another representative definition that describes the Semantic Web in a few words was 
mentioned by Siau & Tian:  
“The Semantic Web is a mesh of information linked up in such a way as to be easily 
processable by machines, on a global scale”. [3] 
Millions of people around the world use today’s Web in order to find and share information. 
The most significant problem is that the WWW does not understand anything about the 
meaning of this information, since it merely focuses on the presentation of information. 
Thus, the idea of the Semantic Web was invented in order to find a way for the machines to 
understand what the information is about and help people find relevant information and 
automate their most common processes.  
The semantic web consists of many languages and technologies. As shown in figure 2.1
3
 
some of the most important languages are XML
4
 and RDF
5
 while the most vital technology 
are ontologies. XML is a markup language used for structuring the information found on a 
Web document, while RDF is a simple resource description model for representing 
metadata. Ontology is a knowledge representation model, like RDF, but with a richer 
                                                 
3
 http://www.cs.rpi.edu/~hendler/AgentWeb.html 
4
 http://www.w3schools.com/xml/ 
5
 http://www.w3.org/RDF/ 
Figure 2.1: Semantic Web Layer Stack 
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vocabulary. In addition, the Semantic Web is based on three basic factors: logic, proof and 
trust. Logic is used to enrich the ontology language, proof is used to extract conclusions and 
trust is used to enable users to make questions regarding the reliability of the information 
found on the Web.    
 
2.3 Ontologies 
The word “ontology” encloses many different meanings. Its origin lies in Ancient Greece, 
where philosophers used the word for describing the concept of existence. Many years later, 
the ontology has turned into a very powerful tool that scientists use to represent knowledge.  
The concept of ontologies becomes more and more interesting since Tim Berners Lee 
described the vision of the Semantic Web. A more formal definition of what an ontology is, 
borrowed from philosophy, is the following:  
“An ontology is an explicit specification of a conceptualization” [4]   
In more formal terms, an ontology is a set of classes, subclasses, properties, instances etc 
that are meaningfully interconnected. The most important contribution of ontologies is that 
they can give meaning to information and this is the main reason that ontologies are a basic 
component of the Semantic Web.  As shown in figure 2.2
6
 ontologies can assume many 
                                                 
6
 http://www.cs.vassar.edu/~weltyc/papers/fois-intro.pdf 
Figure 2.2: Ontology Definitions 
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forms depending on their complexity and the presence (or absence) of automated reasoning 
or not. For example, an ontology with automated reasoning can be a collection of 
taxonomies, frames or a set of general logical constraints and an ontology without 
automated reasoning can be a simple catalog, a glossary, a thesaurus or a set of files.  
Nowadays, ontologies are used in many domains of science like web development, biology, 
chemistry etc.  
2.3.1 Importance of Ontologies 
People may wonder why an ontology may be needed in the context of an application. This 
is a non-trivial question for someone that hasn’t used them before in order to understand 
their importance. Some of the main reasons for using ontologies are: 
 To share and structure information 
 To take advantage of the “re-usability” feature  
 The fact that finding, sharing and processing information becomes harder everyday 
 The big gap between the meaning of the information and the information that is 
shared on the Web 
 The fact that people cannot share information if they do not speak the same 
language 
In addition, using an ontology has many advantages such as: 
 The organization of information 
 The resolution of knowledge 
 The optimization of the accuracy of information found in the Web [5] 
2.3.2 Implementing an Ontology 
Implementing an ontology can be a delicate procedure. The implementation has to be done 
in an orderly and structured fashion, so that the design process leads to the desired output. 
Some of the most important steps that need to be followed are: 
 Find the subject of the ontology 
What the ontology will be about, who will use it etc. 
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 Reuse an existing ontology 
Search to find if there is already an ontology with the same subject that can be 
reused  
 Consider all the basic concepts of the subject  
Basic concepts could be the classes of the ontology 
 Consider the class hierarchy 
Which classes will be superclasses, which will be subclasses etc. 
 Think of the properties 
There are two types of properties: object and datatype properties. For each property 
its type should be determined, as well as the classes it deals with 
 Create the instances 
Instances belong to classes and have explicit property values [6] 
 
2.3.3 Ontology Languages 
Considering the large usability that ontologies have in our days, the invention of languages 
for their creation was more than necessary. In the first years, many languages were 
introduced like LOOM
7
, FLogic
8
, Ontolingua
9
 etc. In the recent years, more contemporary 
languages have been invented like XML, RDF, RDF Schema
10
, OIL
11
, OWL
12
 and many 
others. These languages can be divided in categories according to different factors like: 
 Traditional (e.g. LOOM, Ontolingua) 
 Syntax (markup ontology languages e.g. RDF, RDF Schema) 
 Structure (frame-based e.g. FLogic or description logic-based e.g. OWL)  
It is reasonable that each language has advantages but it may have some drawbacks too. In 
the recent years, the language that prevailed is OWL. This may be due to its promotion by 
                                                 
7
 http://www.bioontology.org/wiki/index.php/LOOM 
8
 http://en.wikipedia.org/wiki/F-logic 
9
 http://www.ksl.stanford.edu/software/ontolingua/ 
10
 http://www.w3.org/TR/rdf-schema/ 
11
 http://www.cs.man.ac.uk/~horrocks/Publications/download/2001/IEEE-IS01.pdf 
12
 http://www.w3.org/TR/owl-features/ 
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the W3C, but, of course, OWL has undeniably many advantages, like its easy-to-understand 
syntax, compatibility with the RDF model and expressiveness. [7]   
 
RDF (Resource Description Framework) 
RDF is a language promoted by W3C that provides the means for semantic interoperability. 
It is commonly used for representing resources on the Web. The basic syntax of RDF is 
written in XML and it is based on triplets that consist of three types (figure 2.3
13
): 
 Subject (resource) 
Resource is everything that an RDF triplet may describe like a website, an object, a 
person etc. Each one has a URI address. 
 Predicate (property) 
A predicate is used to describe the relationship between the subject and the object. 
Predicates also have URI addresses.  
 Object (description) 
The object is the value of the triplet which can be another URI or a specific value. 
                                                 
13
 http://renato.iannella.it/paper/rdf-idiot/ 
Figure 2.3: RDF Structure 
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A simple example of RDF triplets is the following: 
Table 1: RDF triplet 
Subject Predicate Object 
Father Has Car 
Car Has Wheels 
 
Another more complex example of an RDF triplet is the following: 
Subject: http://www.myexample.com/homepage.html 
Predicate: http://www.abc.com/creator 
Object: http://www.myexample.com/admin/1234 
Some of the basic RDF classes are: 
 rdf:Description, for describing a triplet 
 rdf:Statement, for defining a triplet 
 rdf:List, for creating a list 
 etc. 
 
RDF Schema (Resource Description Framework Schema - RDFS) 
RDFS is an ontology language for describing the vocabulary used in RDF. RDFS is also 
promoted by W3C. In addition, RDFS is pretty flexible so it provides the opportunity to the 
user to define his/her own vocabulary. 
Some of the basic classes of the RDF Schema vocabulary are: 
 rdfs:Class, the class of all classes 
 rdfs:Resource, the class of all resources 
 rdfs:Literal, the class of all literal 
 rdfs:Property, the class of all properties 
 rdfs:Statement, the class of all statements 
In addition, some of the basic statements for defining relationships are: 
 27 
 
<owl:Ontology rdf:about=“”>  
     <rdfs:comment> My example </rdfs:comment> 
     <owl:Class rdf:ID=“person” />  
     <owl:Class rdf:ID = “man”>  
       <rdfs:subClassof> 
          <owl:Class rdf:ID=“person” />  
       </rdfs:subClassof> 
     </owl:Class> 
</owl:Ontology> 
 
 rdfs:subClassOf, for connecting a class with is subclasses 
 rdfs:subPropertyOf, for connecting a property with is subproperties 
 rdfs:comment, for writing a comment 
 etc. 
 
OWL (Web Ontology Language) 
OWL is one of the most popular ontology languages. Due to the limited expressiveness of 
RDF/RDF Schema there was a need for a more powerful ontology language. For that 
purpose, W3C promoted OWL. OWL provides more vocabularies for connecting 
information than other ontology languages (e.g. RDF/RDF Schema). 
OWL has three sublanguages: 
 OWL Full14 
 OWL Lite15 
 OWL DL16 
The syntax of OWL is based on RDF and RDF Schema vocabularies. A simple example of 
an OWL document is the following: 
 
 
 
 
 
 
 
 
 
 
                                                 
14
 http://semanticweb.org/wiki/OWL_Full 
15
 http://semanticweb.org/wiki/OWL_Lite 
16
 http://semanticweb.org/wiki/OWL_DL 
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As shown in the figure above, this example defines two classes: “person” and “man”. In 
addition, it is implied that a man is a person since class “man” is a subclass of class 
“person”.  Of course, an OWL document is not that simple but it can be extremely complex 
since many classes, properties and restrictions among them can be added. 
Some years later, W3C, announced the next step beyond OWL which was the Web 
Ontology Language 2 known as OWL2. OWL2 is another Semantic language used in order 
to represent knowledge about things, characteristics and relationships between them. The 
need for an evolved version of OWL was generated due to the limitations and problems that 
OWL users encountered. OWL posed certain limitations like the definition of properties and 
the relational expressiveness. Another issue was the weakness in terms of syntax but also in 
terms of importing and validating other ontologies. Towards resolving these issues, W3C 
promoted a new version of OWL, designed in order to override those problems. [8] 
 
2.3.4 Ontology Reusability  
Due to the rapid evolution of Semantic Web technologies, many ontologies have been 
developed during the previous years. There are many types of ontologies, others are more 
specific in a certain domain, while others are more general. In this context, there is a 
distinction of ontologies into two categories: the upper-level ontologies and the domain-
specific ontologies. Upper-level ontologies describe general concepts that can be used as the 
basis for many domains and are easy for anyone to understand. This is why, these 
ontologies cannot be formalized and strictly defined. On the contrary, domain-specific 
ontologies describe more specific concepts that cannot be easily understood by non-experts. 
These ontologies typically enclose strict definitions, since the knowledge can be defined in 
more formal terms. Of course, developing an ontology from scratch is quite challenging. 
Therefore, due to the already large number of existing ontologies, a basic “principle” of the 
Semantic Web is that someone who needs to implement an ontology should first search if 
there already exists an ontology with the same or a similar subject and reuse it by extending 
it as much as needed.
17
 [9] 
                                                 
17
 http://www.seoskeptic.com/beyond-rich-snippets-semantic-web-technologies-for-better-seo/) 
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Towards this direction, the common framework of the Semantic Web requires that 
ontologies must be shared among the Semantic Web community so that someone can easily 
find and reuse them. Due to this fact, a lot of work is done by mixing different ontologies 
and vocabularies. The existing ontology is not replaced, but when a new one is created 
based on the former, both of them exist in the Semantic Web. 
There are many ways on how one can reuse an existing ontology. Some of them are 
described below: 
 Merging ontologies is the procedure used to create an ontology by putting together 
two or more ontologies. The result of this union is a new ontology that has features 
from each one of the existing ontologies. On the above basis, it will have concepts, 
classes and relationships from all of the existing ontologies. Thus, the new ontology 
will represent all the knowledge found in the ontologies used. 
 Aligning ontologies is the procedure used to compare two or more ontologies and 
extract possible similarities between them. Towards this direction, some conditions 
should be created so that the concepts and the vocabularies of the ontologies used 
are the same in some parts. The result from this procedure is a specification 
containing the similarities among the ontologies involved.   
Figure 2.4: Semantic Web 
Reusability 
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 Relating ontologies is the procedure used in order to extract common features or 
relationships between existing ontologies. For that purpose, some rules must be 
defined in order to specify the relationships between the ontologies used.  
 Extending ontologies is the procedure used when instead of creating a new ontology 
someone reuses an ontology and extends it. The most successful case, is to find an 
ontology that has many similar classes with the domain to be modeled and then if 
needed, to create subclasses of them, in order to define more specific notions. [10] 
[11] 
 
2.4 Ontologies and Energy Management 
As mentioned before ontologies are used in a wide domain of sciences. One of these 
domains, where the use of an ontology can prove very useful is energy management at the 
domestic level. Energy management is an extremely important process that should be 
considered in every household, since it can dramatically decrease the operating costs.    
The energy consumption of a household depends on the kind of energy resources used like, 
e.g. the light, the washing machines, the hot water and other kinds of appliances. In 
addition, every house may have a different number of persons living in it. However, it is 
impossible for someone to know who is at the house each time, which devices are being 
used or for how long etc. Thus, it is extremely hard to constantly control the household 
energy consumption.  
The use of an ontology in the energy management domain is vital considering the 
advantages that an ontology may offer. At first, the fact that an ontology consists of 
structured data is extremely useful. Via this feature, all types of energy can be divided in 
classes depending on a specific property, for example the amount of energy consumption or 
the type of the device. In addition, properties can be defined in order to specify how many 
times each device is used, how many hours it has been operating and finally to determine 
how much energy is consumed. Another important advantage of ontologies in this context is 
the ability to share information. Finally, it should be mentioned that an ontology with 
automated reasoning can be an extremely powerful tool. As mentioned before, an ontology 
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with automated reasoning can become from a simple taxonomy to a whole set of logical 
constraints. To sum up, an ontology can be used in order to represent the different types of 
energy and define the relationships between these types and the energy consumed.    
For the reasons mentioned above, many organizations developed different projects in order 
to represent the energy management in a domestic environment. One of the most popular 
projects is the Digital Environment Home Energy Management System (DEHEMS)
18
 funded 
by the European Union (EU). DEHEMS aims to investigate how technology can help in 
controlling the energy consumption in a household and provide advice on how to reduce it. 
Many ontologies were developed based on that specific project and some of the most 
relevant of them are described below. 
2.4.1 Related Ontologies 
Photovoltaic Technology Ontology System (PV-TONS) is an ontology developed using 
Semantic Web technologies (OWL2 and SWRL
19
). The aim was to create a system that 
would suggest the ideal configuration for photovoltaic systems depending on certain 
features, like weather conditions, light etc. The specific ontology was based on another 
ontology proposed by the same research team and was extended in order to achieve the final 
result. [12] 
In the same context, Synthetic City (SynCity) is an ontology developed in order to model 
Urban Energy Systems (UES) in different environments and conditions. This project was 
developed under the aegis of the Imperial College of London. As shown in figure 2.5 the 
structure of the SynCity project consists of the ontology, some models for controlling urban 
energy problems and a database to store objects.  
The specific ontology contains descriptions of the most important components in an Urban 
Energy System. On the above basis, the categories created are: 
 Resources, e.g. gas, electricity etc. 
 Processes, a technology that transforms resources 
 Technologies, infrastructure of a city 
 Spaces, the physical space of the city 
                                                 
18
 http://www.dehems.eu/ 
19
 www.w3.org/Submission/SWRL/ 
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 Agents, citizens of a city [13] 
 
 
Nazaraf Shah and Kuo-Ming Chao proposed an ontology in order to represent the energy 
management within a house. This ontology is a part of DEHEMS and its aim is to “allow 
knowledge sharing and information retrieval” (ref. N.Shah and K.M. Chao). The basic 
components of this ontology are the home devices, the energy consumption of each of them 
and suggestions for energy saving. Additionally, the ontology provides the means to 
compare the devices according to their energy consumption. At last, it should be mentioned 
that this ontology associates the devices with the users (members of the family) individually 
and collectively. This fact enables the family to know some statistics about their energy 
consumption and help them reduce it. [14] 
Another ontology with the same model was proposed by another group of researchers in 
South Korea. The idea behind this ontology was based on the representation of the energy 
consumed in a house aiming to find ways to reduce it. The ontology is divided in two main 
Figure 2.5: SynCity Architecture 
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classes: Material and Immaterial. Both of them consist of many subclasses like the devices 
of a house, the persons that are living in it, the usage time of each device etc. The 
developers of this ontology argue that the use of this ontology is a huge step in reducing 
energy in a house. [15] 
Another ontology developed with the same considerations was proposed by A. Daouadji, 
K.K. Nguyen, M. Lemay and M. Cheriet. This ontology was created in order to model 
Information and Communication Technology (ICT) Equipments and energy. Its 
development was conducted with the expectation of improving the energy efficiency and 
consequently reducing energy consumption. [16] 
 As shown in the figure 2.6 the main classes of this ontology are: 
 ICT Equipment 
o Networking (Bandwidth, CPU) 
o Computing (CPU, Memory) 
o Storage (Memory, Hard Disk) 
 Energy 
o Green (Solar, Wind, Hydro) 
o Dirty (Gas, Oil, Coal)  
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.6: Ontology Representation 
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Furthermore, DogOnt is an ontology developed with a similar goal: the representation of the 
different ways of producing energy depending on the building, the number of persons that 
are living in it, the devices used etc. This ontology was developed with many expectations 
such as to offer the ability to describe the location and the capabilities of a domotic device 
and its possible configurations. The implementation of this ontology was made in a detailed 
level in order to model as more as possible the real-world domotic environments. The main 
classes of this ontology are:  
 Building, for available things (e.g. buildings, devices)  
 Building Environment, location of each building 
 State, stable configurations 
 Functionality, what devices can do  
 Domotic Network Component, different features [17] 
At last, a final suggestion is the ThinkHome ontology. ThinkHome was developed in order 
to represent a smart home with the Semantic Web technologies (OWL and SPARQL
20
). The 
main goals of this implementation were to “ensure energy efficiency and comfort 
optimization”.  
 
 
 
                                                 
20
 www.w3.org/TR/rdf-sparql-query/ 
Figure 2.7: ThinkHome Structure 
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The main concepts of the proposed ontology are (figure 2.7): 
 Building Information, e.g. windows size, room area etc. 
 Actor Information, users of the system (human or/and agents) 
 Process Information, description of user’s activities 
 Exterior Influences, e.g. weather conditions 
 Comfort Information, different measurement units to define comfort 
 Energy Information, different types of energy e.g. solar, nuclear etc. 
 Resource Information, e.g. white goods, brown goods, equipment etc. [18] 
 
2.4.2 Comparison of the Ontologies 
Based on the above descriptions of ontologies it is obvious that there are various ontologies 
implemented with the aim to model a concept from the energy management domain. Some 
of the ontologies have many similarities but they also have some differences. Below, a table 
is given which sets out the basic characteristics of the ontologies mentioned above: their 
name, their domain, the language they implemented in and their size. The size contains the 
number of classes each ontology has, the number of properties and the number of instances, 
if applicable.   
 
Table 2: Comparison of Ontologies 
Name Domain Language Size 
1. PV-TONS Configuration for 
photovoltaic systems 
OWL2 Classes: 7 
Properties: 52   
2. SynCity Urban energy 
systems modeling 
OWL Classes: 7 
Properties: 44 
3. Ontology by N. 
Shah and K.M. Chao 
Energy Management 
in a house 
OWL Classes: 5 
Properties: 11 
(approx.) 
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4. Ontology by 
South Korea 
researchers 
Energy Consumption 
in a house 
OWL-DL Classes: 8 
Properties: 28 
(approx.) 
5. Ontology by 
Daouadji etc. 
ICT and energy 
efficiency 
RDF requested 
language 
Classes: 5 
Properties: 4 
(approx.) 
6. DogOnt Modeling intelligent 
domotic 
environments 
OWL Classes: 18 
Properties: 54 
7. ThinkHome Smart house energy 
efficiency 
OWL Classes: 7 
Properties: 91 
Instances: 84 
 
2.5 Conclusions 
The transition from the World Wide Web to the Semantic Web is a huge step that needs to 
be realized. As described above, World Wide Web’s shortcomings should definitely be 
resolved and the Semantic Web suggests a suitable solution for them. The Semantic Web is 
the big step that gives meaning to information. For that reason, many languages were 
implemented for that purposes such as RDF, XML etc. 
The most important building elements of Semantic Web are ontologies. Ontologies are the 
tool developed in order to structure information and create links between the notions in 
order to give them meaning. All the parameters mentioned earlier determine that the 
importance of the ontologies is huge. Ontologies are implemented via appropriate languages 
(such as RDF, XML etc.) and implementing an ontology is not an easy procedure but 
studying the appropriate staff will make it easier.  
Many ontologies were implemented in order to model Energy Management concepts, which 
comprise a very important topic of the past years. An Energy Management concept can 
contain the energy resources that are used in a building or a household. Those ontologies 
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have many similarities but also differences between them. For that reason, one should 
choose the more appropriate for his/her needs and reuse/extend it.  
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3 Problem Definition 
The environmental impact of human activities is a daily threat to our planet. The Earth 
provides many resources that can be used and people should take advantage of them. Using 
those resources provides benefits for both sides: planet and humanity. On the one hand, if 
the natural resources are used, less damage to the environment will be made from other 
technical sources. On the other hand, if people use those resources the benefits are not only 
to the environment but also financial as well.  
On the above basis, a vital resource that is commonly used is solar energy. Many systems 
were implemented, in order to collect the energy from the sun and use it instead of another 
energy resource. The most usual are the solar hot water systems, which are made in order to 
collect energy from the sun and produce hot water. Countries mostly sunny weather should 
absolutely use such systems.  
3.1 Energy Management 
During the last years, many scientists around the world are dealing daily with the pollution 
of the environment since, unfortunately, the harm that people cause to it is irreparable. 
Gases, chemicals and other harmful materials are the biggest enemies of our world. Sadly, 
people do not understand the severity of this problem. Earthquakes, floods, tsunamis are 
only some of the phenomena that are related with environmental change. Fortunately, many 
alternative types of energy can be found on Earth like the air and the sun. Using those 
resources in an appropriate fashion can help at least in limiting this environmental disaster. 
Energy Management refers to this idea. 
The term of Energy Management encloses many different meanings, describing the concept 
of planning, organizing or maintaining all types of energy resources. This concept makes 
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Energy Management a vital procedure that has to be considered in every kind of building. 
In addition, it provides the means for taking advantage of different weather conditions e.g. 
wind, sun etc. instead of other resources in beneficial way. Energy Management has many 
benefits and some of the most important are: 
 Decrease energy consumption 
 Low energy costs 
 Less environmental contamination 
The intention to protect the environment has led to the implementation of many energy 
systems based on Renewable Energy Sources (RES). Renewable Energy Sources refer to 
those energy sources that are constantly producing energy, like the sun. Solar energy can be 
used for heating or cooling an area, e.g. a house, or for producing hot water, or, even for 
lighting a house. Due to the factors mentioned above, solar energy became very popular in 
the past years. [19]  
Considering the above, it is obvious that each household should absolutely plan their energy 
management. In a household there are many types of energy consumed. In this specific 
chapter the focus is on the the solar energy. Especially in countries like Greece, where there 
is sun half the months of the year, it is sad not to take advantage of it. Solar energy can 
fulfill the needs for hot water in a household during the sunny days. This will strongly 
decrease the money that a family spends in electricity for the hot water. Having in mind the 
above, there is no doubt that every household should have a solar hot water system. 
 
3.2 Domestic Solar Hot Water Systems (DSHWS) 
A Domestic Solar Hot Water System is the energy system that can be placed in a household 
in order to cover the needs of the residents in terms of hot water (figure 3.1). Traditionally, 
a DSHWS consists of two basic components: 
 Solar Collector 
 Storage Tank 
 41 
 
 
Of course, some hydraulics may be needed in order to install the system. There are three 
types of solar collectors that are commonly used in the domestic level: 
 Flat-plate collector   
The most common type of solar collector that as shown in figure 3.2 consists of a 
large box with a glass or plastic cover on the top. Sunlight passes through that cover 
and with a series of processes it turns into heating energy. [20]   
Figure 3.1: Common Domestic Solar Hot Water System 
Figure 3.2: Flat-plate collector 
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 Integrated collector  
This type of collector is used in order to store energy within the collector. It is 
basically used to raise the collector’s capacity (figure 3.3). This is the less common 
type used. [21] 
 
 Evacuated tube collector  
This type of collector, as shown in figure 3.4, uses heat tubes rather than passing the 
fluid through them. [22]    
Figure 3.3: Integrated collector 
Figure 3.4: Evacuated tube collector 
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3.2.1 Benefits 
As described previously, a solar system has many beneficial consequences to the 
environment. In addition to that, a solar system has also many benefits for the house itself.  
First of all, a solar system has a huge economic benefit as no one pays for the sun. For that 
reason, the costs for the installation of the system will probably be very small compared to 
the money that a family will save from the electricity bill over the years. A very good 
example of this is the process of installing solar systems in Amman, where around 75% of 
each year are sunny days. Considering that, they should undoubtedly have solar systems for 
hot water. For that purpose, in 2008 there was a research to investigate how solar systems 
would change their lives. On the above basis, 21 households participated in this research 
and all of them installed solar systems. As shown in figure 3.5, the results showed that the 
diesel consumption during the next two years in those houses was decreased by 37% and 
each household saved around 600€ per year. It should be mentioned that in Amman a solar 
system costs less than 650€ so it is obvious that the residents earned their money back in 
only one year. 
 
Also, the economic benefit is not only from the electricity bill but also from the 
maintenance costs, since solar systems have very low costs for that purposes. It should also 
Figure 3.5: Yearly Diesel Consumption in Amman 
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be mentioned that solar systems are long lasting systems, thus, they typically operate for 
many years without the need for replacement. 
In addition, many countries provide financial motivation to their residents, in order to install 
solar systems in their houses.  This is happening, due to the many advantages that a solar 
system has for the environment.  
At last, in countries with many sunny days like Greece, there is often unlimited hot water in 
the house, available either for bathing or for any other domestic purpose. [23]  
 
3.2.2 Domestic Solar Hot Water Systems in Greece 
Greece has a great advantage due its geographical position. The climate in Greece is 
Mediterranean, which means a hot and dry summer and a cold and wet winter. Considering 
that, it can be entailed that the weather in Greece is sunny for many months in a year and 
those amounts of solar energy should not be wasted. That’s the main reason that made 
Greece one of the leaders in the solar hot water systems area.     
The market of solar systems in Greece emerged in the mid 70s. Since then, there was a slow 
but stable progress in the use of the solar systems. Firstly, the market started with the sales 
of solar collectors. Many years later, an advertisement by the Greek government and the 
possibility of the increase of the electricity prices because of the VAT, led to a huge 
increase of the sales. This was an advantage, since this fact led to the development of the 
local industry that produced the solar systems. In the recent years, as shown in figure 3.6, 
the economic crisis that erupted around 2009 led to the shrinking of the market.   
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The European Union makes a lot of effort in order to convince people of all counties to use 
Renewable Energy Sources and, consequently, using solar hot water systems in their 
houses. Unfortunately, this effort didn’t have the expected reaction in all countries. 
Statistics show that Greece was in the top of the list of the countries in the EU with solar 
systems and has fallen in the third place only when Cyprus and Austria were inducted into 
the EU (figure 3.7). Even so, the third place is still very satisfactory, based on which 
approximately 25% of the population have solar systems in their houses.  [24]  
  
Figure 3.6: Solar Thermal Market in Greece 
Figure 3.7: Solar Thermal Capacity in EU cities 
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3.3 The Problem 
Undoubtedly, the importance of using domestic solar hot water systems is significant and, 
thus, everyone should consider installing one in his household. Finding the appropriate solar 
system can be a non-trivial procedure and especially for someone that is not really 
acquainted with those systems. For that reason, there is a need for an online system one 
could use from the comfort of his household that could provide the appropriate information. 
To be more specific, that system should have information for solar systems like the type of 
system or the size of the tank but also details about the total cost for the installation of the 
system etc. It should be mentioned that the information should be computed based on how 
many people live in a house, how much water they need per person and, of course, the 
location of the house. On the above basis, we have created the system described above and 
more details about the design process can be found below.  
3.3.1 The Design Process 
In order to create a system properly, some steps should be followed. By this way, the 
problem that needs to be solved will be examined and solved in the most suitable way. The 
design process of the system can be described in five steps which are presented in figure 
3.8. In more detail, these steps are the following: 
 
 
 
 
 
 
 
 
 
 
Figure 3.8: The Design Process 
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The first step in the design process should always be to state the 
problem. To be more specific, the problem should be clearly 
analyzed, in order to know what we are looking for, where, why 
etc. In this case the problem was divided in two parts: the 
Semantic Web Technologies and the Energy Management. On 
the one hand, the idea was to use Semantic Web Technologies 
which are the newest web technologies and constitute one of the 
most modern trends. On the other hand, Energy Management is a very hot subject in our 
age since the environmental phenomena should concern us all and solar systems should be 
installed in all houses. On the above basis, the idea was to create a web based application 
that would ideally use Semantic Web technologies and provide real information about the 
appropriate configuration for a solar system in a household.  
After defining the problem, the next step was to start searching 
on how the problem could be solved. Firstly, the logical step was 
to search for any similar existing systems. This research didn’t 
have any results since a similar system does not exist. On the 
above basis, we should start implementing the system from 
scratch. In this case, since our desired technologies are based on 
ontologies, we started looking for existing ontologies that could 
be used in our case too. As described previously, one of the most 
important principles in the Semantic Web area is “reusability”. Based on that, before 
starting to create a new ontology, there has been an extensive search for an already existing 
ontology that could help solve the problem.    
At this point, the most suitable solution should be selected in order 
to start working on it. For that reason, after searching and studying 
lots of ontologies, we have concluded that the most appropriate to 
be used as a basis for our system was the “SynCity” ontology, 
described in Chapter 2. Since we have decided on the ontology 
we should now proceed to the next step. 
After this step, the implementation of the system should be 
completed. In our case, after deciding for the ontology, the 
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next step was to start implementing the web application. This implementation consisted of 
many steps like getting familiar with the technologies used. Thus, this process resulted in 
the implementation of the first version of the system. When the first version of a system 
was completed, then many changes and improvements could be applied. 
The final step of the design process is the presentation of the results. At this point, the 
system should function properly so the results can be reported. Based on that, the specific 
system is implemented and more details about it, like the technologies used and the results 
are presented in the following chapter. 
 
3.4 Conclusions 
Energy Management is a term that everyone should have in mind. The discussion made 
above, indicates the important benefits that this process may offer. Especially in countries 
like Greece, it is sad to waste the abundance of available solar energy. Domestic Solar Hot 
Water Systems are commonly used during the recent years and their users enjoy their 
benefits daily.  
To sum up, the problem that should be overcome was the existence of a system that would 
offer the means to people for discovering the most appropriate Domestic Solar Hot Water 
System configuration for their households. Based on that, a design process should be 
followed in order to confront this problem step by step.     
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4 Contribution 
The basic idea of the proposed system is actually a web application that offers the means to 
find the optimum configuration for a domestic solar hot water system. This is done by 
combining various components. Firstly, there is an ontology that describes those systems. 
Specifically, it describes the basic components of each system, such as the tank, the 
aperture, the hydraulics etc. Another important component is the interface from which the 
application is accessible. To end, more details regarding each system and its characteristics, 
costs etc. are included in external CVS files which are called in the application. This chapter 
gives more details about the technologies used to implement the application as well as a 
user.   
4.1 Technologies / Tools Used 
The implementation of the proposed web application required the use of many different 
technologies. From the one hand, the use of a tool for authoring ontologies was needed in 
order to set up the ontology containing the information of the application. For that purpose, 
we have chosen Protégé version 3.4.8 and implemented the ontology in OWL. On the other 
hand, the front-end of the system was implemented using Java and JSP. For the 
communication between the front-end and the ontology we have used Jena. Below there are 
more details for each of the technologies mentioned above. 
4.1.1 Protégé Ontology Editor21  
Protégé is open-source software that allows users to create their own 
                                                 
21
 http://protege.stanford.edu/ 
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ontologies and knowledge-based systems. It supports different language formats for 
authoring ontologies like RDF, XML Schema and OWL. 
At this point, we can examine a short example of how an ontology can be imported in 
Protégé 3.4.8. At first, Protégé should be started. Then, there is an “Open” option by which 
we can select opening an already existing ontology from the computer. It should be noted 
that the selected file should be either a “.owl” file or a “.pprj” file (Protégé project). After 
selecting the ontology, it will open in a window where all its classes, properties, instances 
can be explored.  
 
Now, let’s import an ontology.  In the Metadata tab 
there is a button named Import Ontology.    
By pressing that button, a window will open for 
selecting the ontology to be imported (figure 4.1). 
The ontology can be a Web URL or a file located 
locally on the computer.   
     
 
For this example, as shown in figure 4.2, the selected ontology is located on the computer. 
Figure 4.1: Import ontology 
Figure 4.2: Importing an ontology from a local file 
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After following the steps of this window, the selected ontology will finally be imported. As 
can be seen in figure 4.3, now the ontology contains the classes from the imported 
“tourism” ontology. It should be noted that the imported classes are displayed with a faded 
color. Now, this “new” ontology will combine the classes and the properties from the 
imported ontology and all classes and properties that will be created next in this ontology. 
All of them can be used at the same time. 
 
 
 
 
 
 
 
 
 
4.1.2 JSP (Java Server Pages)22 
JSP is a Java-based technology that lets the user to dynamically create web content. The 
content of the web page can be in various formats like XML, HTML, etc. The 
implementation and the execution of a JSP page require the use of a server. For that reason, 
Apache Tomcat has been deployed. More details for the server can be found in the next 
subsection.   
                                                 
22
 https://jsp.java.net/ 
Figure 4.3: Classes after 
importing ontology 
 52 
 
A JSP file can be created in all environments that can be used for creating Java programs. In 
the following figure (figure 4.4) the code of a simple JSP file is shown.  
 
 
As we can see JSP is very similar to an HTML file but it also contains Java code. The Java 
code can be written inside the specific symbols: <% Java Code here %>. This file contains 
a simple form that lets the user to write his name and then it displays it. It can be run by 
pressing the right click and selecting “Run File”. Then, the server, which in this case is 
Apache Tomcat, runs it locally on the browser. Figure 4.5 shows the JSP file when executed 
in the browser. 
Figure 4.4: A JSP file 
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Figure 4.6 shows the result after OK button is pressed. 
 
  
Figure 4.5: A JSP file running locally 
Figure 4.6: JSP file: Execution Results 
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4.1.3 Apache Tomcat 23 
Tomcat is an open-source server promoted by Apache Software 
Foundation. Tomcat is used to enable the execution of a JSP file in a 
local environment (e.g. locally on a pc). For this system Apache 
Tomcat version 7.0.42 was used.  
 
 
In addition, Apache Tomcat is also a Servlet container. As shown in figure 4.7, a servlet 
container is basically the part of the Server that is responsible for the communication of 
Java Servlets. Based on that, the Web Server receives the requests from the client and then 
it forwards them to the Servlet Container, which then loads the Servlet and executes the 
defined operations. At last, the Web Server returns the dynamically created results from the 
Servlet Container to the client.   
 
4.1.4 Jena 24 
Jena is a Java API created to interact with Semantic Web concepts. 
Basically, Jena allows users to create and handle RDF graphs. Jena has 
classes describing all major concepts such as graphs, resources, properties 
                                                 
23
 http://tomcat.apache.org/ 
24
 http://jena.apache.org/ 
Figure 4.7: Servlet Container 
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and literals. Through a JSP file, Jena is called in order to interact with the ontology. For the 
purposes of this web application, the queries to Jena were written in SPARQL. SPARQL is 
a query language used to access RDF data.
25
   
At this point some Jena examples should help in understanding its operation. Firstly, to 
create an RDF graph the following code should be executed: 
// create an empty Model 
Model model = ModelFactory.createDefaultModel(); 
 
// create the resource 
Resource res = model.createResource(someURI); 
 
 
Jena also offers the appropriate commands in order to read and write RDF data as XML. 
Writing data as XML can be achieved by the following command: 
// write the model in XML form to a file 
model.write(System.out, "RDF/XML-ABBREV"); 
 
Reading data can be achieved using the following command: 
// read the RDF/XML file 
model.read(in, null); 
 
In addition, Jena provides the means to load an existing ontology in a Java program in order 
to interact with the specific ontology. This can be done in a simple way using the following 
line of code: 
Model m = FileManager.get().loadModel("c:/example.owl"); 
 
                                                 
25
 http://www.w3.org/TR/rdf-sparql-query/ 
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It is also worth mentioning that Jena can be used to query a Model. This can be done by 
writing a SPARQL query and then execute it via Jena. In the following example the simple 
SPARQL query searches for all persons that have name “John”. 
Model m = FileManager.get().loadModel("c:/example.owl"); 
String query = "PREFIX schema: <http://www.owl-ontologies.com/example.owl#>\r\n"; 
query += "select ?name where {?name schema:hasName 'John'}"; 
Query exquery = QueryFactory.create(query);   
QueryExecution execution = QueryExecutionFactory.create(exquery,m);  
ResultSet results = execution.execSelect();    
 
4.1.5 JFreeChart26 
JFreeChart is an open source Java library that provides the 
means to create charts in a Java application. It supports 
various kinds of charts like Bar Charts, Pie Charts, Multiple Axis Charts and many others. 
In addition, each chart can be presented as an image file (PNG or JPEG) or another type of 
document like PDF. At last, it should be mentioned that JFreeChart is promoted by GNU 
Lesser General Public License (LGPL).  
Some lines of code are enough to create a simple chart using JFreeChart. 
At first, to create a chart the following command should be used: 
JFreeChart chart = ChartFactory.createBarChart( 
"Bar Chart",                   // chart title 
"X",                               // domain axis label 
dataset,                        // data 
PlotOrientation.VERTICAL,    // orientation 
true,                          // include legend 
true,                        // tooltips 
false                       // URLs 
                                                 
26
 http://www.jfree.org/jfreechart/ 
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); 
 
A dataset consists of all the information that should be appearing in the chart. This 
information is created by adding to the dataset triples with the value of a bar, its row and 
column.  
 
For example, the data that appears in figure 4.8 could be added to the dataset using the 
following code: 
DefaultCategoryDataset defaultcategorydataset = new DefaultCategoryDataset();    
dataset.addValue(25.0, "Series 1", "Category 1");    
dataset.addValue(34.0, "Series 1", "Category 2");    
dataset.addValue(19.0, "Series 2", "Category 1");    
dataset.addValue(29.0, "Series 2", "Category 2");    
dataset.addValue(41.0, "Series 3", "Category 1");    
dataset.addValue(33.0, "Series 3", "Category 2");    
 
   
 
Figure 4.8: A simple chart 
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At last, displaying a chart can be done in many ways. One way, is to display the chart in the 
Java environment. That can be done using the Chart Panel
27
 class: 
ChartPanel chartPanel = new ChartPanel(chart, false); 
chartPanel.setPreferredSize(new Dimension(500, 270)); 
setContentPane(chartPanel); 
Another way is to display the chart in a Web Application using from a JSP: 
response.setContentType("image/png"); 
ChartUtilities.writeChartAsPNG(response.getOutputStream(), chart, 400, 300);  
 
4.2 System Architecture 
The figure below (figure 4.9) illustrates the basic components of the system and the way 
that the interaction between them takes place. The components can be divided in two 
categories:  
 The Front-End 
 The Back-End 
The communication between those two components is established via a Server. As 
described before the Server used for this reason is Apache Tomcat v. 7.0.42. 
The Front-End of the System is basically the user interface. More specifically, the front-end 
is the client part of the program where the user can enter his data in order to get the desired 
information. This interface was implemented in a JSP file.  
The Back-End of the system consists of many different parts: 
 JSP files 
 The Ontology 
 CSV files 
 Jena 
                                                 
27
 http://www.jfree.org/jfreechart/api/javadoc/org/jfree/chart/ChartPanel.html 
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 SPARQL 
The code is written in JSP files which are responsible for displaying information to the user 
and, also, for the communication with Java classes. Through them, Jena is used in order to 
load the ontology and send SPARQL queries to it. At last, the results returned from Jena are 
used to extract more information about them from CSV files that are externally called.  
 
  
 
4.3  The Ontology 
Developing an ontology can be done in many ways. The important thing is to follow a 
methodology that provides a logical series of steps in order to develop a proper ontology. 
Based on that, the simple methodology used for our case is given below. [6] 
The first step is to define the subject of the ontology. This step contains a full understanding 
of the subject and the information that will be contained in the ontology. For that purpose, 
Figure 4.9: System Architecture 
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we define from the beginning that the ontology for this system would deal with Energy 
Management at the Domestic level. In addition, at this point we should consider the reasons 
that this ontology is needed. In our case, the ontology was needed in order to model the 
solar systems for hot water in the domestic level. When the information regarding the 
subject is clarified we can proceed to the next step. 
This second step is about searching the Web for existing ontologies. As mentioned many 
times before, Semantic Web is based on reusability. For this purpose, at this step we have 
made an extensive research in order to find ontologies related to our subject. This research 
returned various ontologies that deal with the specific subject and were described in detail 
in Chapter 2. Unfortunately, none of them was exactly what we needed. For that reason, we 
had to choose the most related one and adjust it to our needs. Finally, we had concluded that 
“SynCity” was the most appropriate one for our case and we have imported it to Protégé 
following the procedure described in the previous section. 
The next step is about realizing the important information that this ontology should contain. 
By doing that, one should be able to know which classes should exist and what properties 
should be created. On the above basis, the general classes should be created first and then 
the more specialized ones. By that, a class hierarchy should be created. For example, in our 
case, the most important concept of the ontology is the system and its basic components like 
tank, collector etc.     
At this point, since classes are now created, the next step is to create the properties. 
Properties are needed in order to give more information for a concept as a class does not 
provide enough information for a subject. An example from our ontology is the “hasName” 
and “hasCost” properties, which define specific information for each system like its name 
and its cost. After properties are created, their domain, range and value should be stated. For 
example the “hasCost” property can be used for the System class only and its value can 
contain float characters. In addition, another example is the “hasCapacity” property which 
can be used for the Tank class only and it can only take a value from a restricted list with 
integers: 120, 160, 180, 200 and 240.   
At last, the final step is to create instances. An instance is an individual that belongs to a 
specific class and has values for the properties that refer to that class. For example, in our 
ontology an instance named “system-1.5-120-low” belongs to the System class and has 
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various values for properties related to that class like “hasName: system-1.5-120-low ”, 
“hasCost:460” etc.   
The classes of the described ontology are visualized in figure 4.10.   
            
Figure 4.10: Ontology Overview 
In addition, in figure 4.11 instances from the “System” class are shown.  
 
 
 
 
 
 
 
 
Figure 4.11: System Instances 
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At last, in figure 4.12 the individuals from the “System Component” class are displayed. As 
can be seen, each subclass has various instances in order to model all types systems.  
 
 
 
 
 
 
 
 
 
 
In the following table (Table 3) the classes created in this ontology are listed: 
Table 3: Classes 
Class Subclass Description 
System - 
Used for modeling the different 
systems e.g. system-1.5-160-
low 
SystemComponent  
Used for modeling the different 
components of a system 
SystemComponent 
Aperture 
Used for modeling the different 
sizes of apertures (e.g. small) 
Collector 
Used for modeling the different 
types of collector (e.g. a 
collector with technology high 
and dimensions 2.0) 
Hydraulics 
Used for modeling the 
hydraulics of a system 
Figure 4.12: System Component Instances 
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Installation 
Used for modeling the 
installation of a system 
Tank 
Used for modeling the different 
sizes of tanks (e.g. a tank with 
capacity 240 lt) 
ClimaticData - 
This class is a subclass of 
SynCity:Resource and it is used 
for describing the climatic 
conditions 
Building - 
This class is a subclass of 
SynCity:NodeType and it is 
used for defining buildings as 
nodes on a network 
 
 
At last, all the properties created are displayed in Table 4. 
Table 4: Properties 
Property Domain Range Description 
hasApperture System Apperture 
Used for defining 
what type of 
aperture each system 
has 
hasHydraulics System Hydraulics 
Used for defining 
what type of 
hydraulics each 
system has 
hasInstallation System Installation 
Used for defining 
what type of 
installation each 
system has 
hasInstallationZone Building ClimaticData 
Used for defining 
the climatic data in a 
building’s location 
hasSystem Building System Used for defining 
what system a 
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building has 
hasTank System Tank 
Used for defining 
what type of tank 
each system has 
hasCapacity Tank int 
Used for defining 
the allowed values 
of a tank’s capacity 
(e.g.120 lt) 
hasCost System float 
Used for defining 
each system’s cost 
hasDimensions Collector float 
Used for defining 
each collector’s 
dimensions (e.g. 2.0) 
hasMaxNoOfPersons Building int 
Used for defining 
the maximum 
number of persons 
that live in a 
building 
hasMinNoOfPersons Building int 
Used for defining 
the minimum 
number of persons 
that live in a 
building 
hasName 
SystemComponent 
 Building  
System 
string 
Used for defining 
each individual’s 
name 
hasSize Apperture string 
Used for defining 
each aperture’s size 
(e.g. medium) 
hasTechnology Collector string 
Used for defining 
each collector’s 
technology (e.g. 
low) 
hasWaterVolumePerPerson Building int 
Used for defining 
each building’s 
average water 
volume per person 
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(e.g. 60 lt) 
isOfType Building string 
Used for defining 
each building’s type 
 
 
4.4 Use Case 
In this subsection a detailed description of the interface of the system is given. Additionally, 
specifications regarding the usability of each part of the web application will be given. 
 
Homepage 
First of all here is a screenshot of the homepage of our web application (figure 4.13). As can 
be seen, one can realize that this website is about domestic solar hot water systems and 
some details regarding the systems are given. This page is implemented in a JSP file like 
the one showed before.  
Figure 4.13: Homepage 
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As can be seen, at the top of the page there is a menu consisting of 4 tabs. The same menu 
can be found at the bottom of the page for ease of use.  
At the middle of the page, there is the “Click Here” button which is responsible for calling 
the appropriate page to find the appropriate solar system configuration. More details about 
this page are given below.  
At last, after the final part of the page is displaying a logo, according to which a solar 
system is “The most environmentally friendly renewable energy technology”.  
 
Menu 
 
As shown in the figure above, the Menu consists of four tabs: 
 “Home”: leads to the homepage from anywhere in the application  
 “About:” leads to a page with some information about Domestic Solar Hot Water 
Systems  
 “Support”: information on how to use the web application  
 “Contact”: information on how to contact us for any further details. 
   
About 
In this page some basic information about the solar systems is displayed. To be more 
specific, details like the benefits of using solar energy are shown. As shown in figure 4.14 
some of them are the economic benefit and the benefit to the environment.  
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Support 
In this page some information is given in order to help someone that does not know how to 
use the web application (figure 4.15). This information contains a brief “user-guide” of the 
web application. 
Figure 4.14: About Page 
Figure 4.15: Support Page 
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Contact  
In this page details can be found, in case someone needs to contact us for any further 
information about the domestic solar hot water systems or any details regarding the web 
application (figure 4.16). 
 
Find the system 
 
In order to search for a solar system appropriate for each user’s needs, this part of the home 
page should be visited. Here the respective button can be found and, when pressed, it will 
lead to the page where the process will start.  
 
Figure 4.16: Contact Page 
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Insert details 
After clicking the button showed above, this page will be displayed (figure 4.17). This page 
is implemented in a JSP file which is connected with a Java class through a Java Servlet
28
. 
 
 
As shown in the figure above, at the top of the page the menu described before is displayed. 
Also, the same menu is displayed at the bottom of the page. 
At the middle of the page, we can see a form which must be filled in by the user in order to 
proceed to the next page where the results will be shown. This form consists of three parts: 
the number of persons (residents of the house), the water volume per person and the 
location of the household.    
  
                                                 
28
 http://www.oracle.com/technetwork/java/index-jsp-135475.html 
Figure 4.17: Insert details 
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The Form  
 Number of Persons:  
As shown in the figure this field is a drop 
down menu that consists of the following 
options: 1, 2, 3, 4, 5, and 6. These numbers 
refer to the number of persons that live in the 
specific household. 
This field was implemented with the use of the <select>
29
 tag that is offered by 
HTML. 
The <select> tag is used in order to create the drop down menu and then an 
<option> tag is used in order to specify all the available options of the menu. 
For example, this dropdown menu was implemented using the following code: 
<select id="num" name="num"  > 
<option value="0" <%= selectedNum.equals("0")  ? "selected" : "" %>> ---Please 
Select--- </option> 
<option value="1" <%= selectedNum.equals("1") ? "selected" : "" %>> 1 </option> 
<option value="2" <%= selectedNum.equals("2") ? "selected" : "" %>> 2 </option> 
<option value="3" <%= selectedNum.equals("3")  ? "selected" : "" %>> 3 </option> 
<option value="4" <%= selectedNum.equals("4")  ? "selected" : "" %>> 4 </option> 
<option value="5" <%= selectedNum.equals("5") ? "selected" : "" %>> 5 </option> 
<option value="6" <%= selectedNum.equals("6") ? "selected" : "" %>> 6 </option> 
</select> 
The condition in the middle of each line is used in order to retrieve an option if was 
already selected and for some reason the page was changed. 
 
 Water Volume per Person: 
As shown in the figure this field is a drop 
down menu that consists of the following 
options: 35, 40, 45, 50, 55, 60 and 65. These 
                                                 
29
 http://www.w3schools.com/tags/tag_select.asp 
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numbers refer to the amount of water (in litres) that each person living in the house 
needs daily. 
This field was implemented similarly to the previous one, with the use of the 
<select> tag that is offered by HTML. On the above basis, the code implemented for 
that field is the following: 
<select id="water" name="water"> 
<option value="0" <%= selectedWater.equals("0") ? "selected" : "" %>> ---Please 
Select--- </option>  
<option value="35" <%= selectedWater.equals("35") ? "selected" : "" %>> 35 
</option> 
<option value="40" <%= selectedWater.equals("40") ? "selected" : "" %>> 40 
</option> 
<option value="45" <%= selectedWater.equals("45") ? "selected" : "" %>> 45 
</option> 
<option value="50" <%= selectedWater.equals("50") ? "selected" : "" %>> 50 
</option> 
<option value="55" <%= selectedWater.equals("55") ? "selected" : "" %>> 55 
</option> 
<option value="60" <%= selectedWater.equals("60") ? "selected" : "" %>> 60 
</option> 
<option value="65" <%= selectedWater.equals("65") ? "selected" : "" %>> 65 
</option> 
  </select> 
       
 Location 
This field provides the user with the 
option to choose the household’s 
location from the map. The map is a 
clickable image that contains all 
major cities in Greece. When the 
user chooses a location, it is 
automatically displayed in the box 
and it cannot be edited from the box, 
 72 
 
it can only change by choosing another city from the map.  
The map was implemented using the <map>
30
 tag that is offered by HTML.   
 A sample of the code for implementing the specific function is given below: 
<img src="gr_map.jpg" width="430" height="430" alt="Map" 
usemap="#greece_map"> 
<map name="greece_map"> 
        <area title="Attica" shape="poly" 
coords="176,225,183,223,196,224,201,221,212,212,224,216,231,222,234,228,230,2
28,232,247,239,253,236,260,228,263,219,251,210,246,208,241,201,246,195,242,19
5,238,187,241,176,226" href="" onclick="myFunction('Attiki');return false;"  >   
         <area title="Thessaloniki" shape="poly" 
coords="182,48,189,54,195,57,203,63,199,69,190,72,183,75,178,79,172,83,169,76,
174,69,169,68,165,72,160,75,155,72,151,65,150,58,157,54,162,54,170,53,177,50" 
href="" alt="" onclick="myFunction('Thessaloniki');return false;" /> 
 <area title="Thessaly" shape="poly" 
coords="101,158,85,129,101,117,113,113,124,119,124,110,135,97,141,102,147,98,
147,105,155,114,171,114,199,154,233,140,246,150,217,175,193,167,179,168,171,1
72,149,167,143,156,135,161,133,171,119,169,116,156,101,157" href="" 
onclick="myFunction('Thessaly');return false;" > 
 <area title="Peloponnesos" shape="poly" 
coords="124,215,171,230,179,228,190,243,211,251,216,281,184,298,196,335,184,3
36,171,333,155,336,111,323,99,276,79,238,100,217,128,216" href="" 
onclick="myFunction('Peloponnesos');return false;"> 
 <area title="Crete" shape="poly" 
coords="193,411,230,439,351,430,350,394,208,369,193,411" href="" 
onclick="myFunction('Crete');return false;"> 
. 
. 
. 
</map> 
 
As shown in the figure above, firstly the location where the image with the map is 
stored is given. Then, the <map> tag is used in order to define that this specific 
image is a client-side image map with clickable areas. These areas are defined using 
the <area> tag. An <area> tag can optionally contain a title but it absolutely contains 
                                                 
30
 http://www.w3schools.com/tags/tag_map.asp 
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a shape. The shape can be a rectangle, a circle or a polygon. After choosing a shape, 
the coordinates that describe this shape should be given. At last, the “onclick” 
attribute is used in order to call a JavaScript function that ensures that the user 
selected the right city. For example, when a user clicks Thessaloniki on the map, the 
following message is displayed: 
 
 
Then, when the user presses “OK”, Thessaloniki appears in the Location field of the 
form.  
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Form Validation 
As described above, this form has three fields that should be filled in. It should be noted, 
that all of them should be completed otherwise the form will not be submitted. Based on 
that, some examples for the form validation are given below with screenshots.  
 
 Pressing the Submit button without filling any of the fields 
 
 
 
 
 
 Pressing the Submit button without filling the number of persons field 
 
 
 
 Pressing the Submit button without filling the water volume per person field 
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 Pressing the Submit button without choosing a location 
 
 
 
 
 
 Pressing the Submit button without filling number of persons and water volume 
 
 
 
 
 
 
 Pressing the Submit button without filling number of persons and location 
 
 
 Pressing the Submit button without filling water volume and location 
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Based on the above, it is obvious that none of the fields can be empty in order to submit the 
form. This was implemented with conditions in the code that check that the inputs that are 
given each time are not empty, so as ensure that all three parameters have values.  
At this point, we should examine an example where the form is filled in properly. Let’s 
suppose that a young couple (2 residents) is living in Thessaloniki. Based on their daily 
needs, they estimate that their water volume per person need is around 45 lt. Hence, the 
form in the next screenshot was filled in according to this information (figure 4.18).    
 
Figure 4.18: Completed Form 
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Results 
Since the form was submitted properly, the results regarding the given information are now 
displayed in a next page. 
In figure 4.19 we can see the system returned six possible systems that can fit in this 
specific case. We can also see that the table has seven columns. Each of them shows a 
different parameter. To be more specific the columns represent: 
 System Name: This parameter represents the name of the system. The three numbers 
that each result has represent:  
o Solar Collector Area (m2)  
o Storage Tank Size (lt) 
o Family Size 
For example, the first result of the table which is 3/120/2 represents a solar system 
that its solar collector needs an area of 3m
2
, its storage tank capacity is 120 liters and 
it is appropriate for two persons.  
 Technology: This parameter shows the type of the technology used in the solar 
system which can be low or high. 
 Coverage: This parameter represents the percentage of thermal load covered by the 
solar system.  
 Cost: This parameter returns the initial cost of the investment for the solar system. 
Figure 4.19: Results 
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 Net Present Value of the investment, NPV-Elec: This parameter represents the 
amount of money saved by the investment compared with an electrical water heater.   
 Net Present Value of the investment, NPV-Oil: This parameter represents the 
amount of money saved by the investment compared with an oil water heater.   
 Net Present Value of the investment, NPV-NG: This parameter represents the 
amount of money saved by the investment compared with a NG water heater.   
 
Details regarding each parameter’s meaning can also be found in the web application. 
Moving the mouse on each one of the headers returns a message with a piece of 
information. More analytically: 
 Moving the mouse over “System” 
 
 Moving the mouse over “Coverage” 
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 Moving the mouse over “Cost” 
 Moving the mouse over “NPV-Elec” 
 Moving the mouse over “NPV-Oil” 
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 Moving the mouse over “NPV-NG” 
 
It is possible that some combinations of the number of persons and the water volume per 
person may not return any results from the listed ones in our system. For example, if the 
number of persons is two and the water volume per person is 35, none of the systems fit. In 
that case, the following table appears:  
 
 
At this point, it should be mentioned that all columns of the table can be sorted, either in 
ascending or descending order.  
For example, one may want to sort the results based on the cost. As shown in the figure 
below, a simple click on the header of the cost column will return that request. 
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The down arrow that appears next to the Cost header indicates that the specific column is 
sorted in ascending order. Of course, this can be done and in a reverse way. Another click 
on the Cost header and it is done. As shown in the figure below, the table is sorted again 
based on cost but now in a descending order. 
 
As seen on the first screen shot with the results, under the table with the information there is 
a link to a graph: 
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Clicking that link will lead to the appearance of a pop up window that contains a graph. 
This graph was implemented in order to give to the user a clearer picture of the appropriate 
systems. This graph is basically a dual axis graph that contains the following data: 
 Years (On the left axis): 
This axis refers to the payback period (in years) for all types of energy: oil, 
electricity, NG.  
 Cost (On the right axis): 
This axis refers to the initial cost of the investment for the system. 
 Systems (The bottom axis):  
This axis displays the names of the systems that are more appropriate for each set of 
input data. 
For the input data of the example described above, the respective graph is shown in the 
figure 4.20.  
The two columns with the light blue color are representing the two top results to ease the 
user’s decision. The first one shows the system with the highest payback period while the 
second one shows the one with the lowest cost. These two columns change each time 
according to the input data. 
 
Figure 4.20: The Graph 
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As discussed earlier, the implementation of the graph was made using JFreeChart. Some 
details regarding the code are given below. 
At first, the creation of the chart was made using the following command where “dataset1” 
represents the information for the payback period: 
JFreeChart chart = ChartFactory.createBarChart( 
"Statistics", 
"Systems", 
"Years", 
dataset1, 
PlotOrientation.VERTICAL, 
true, 
true, 
false 
); 
Then to add the second axis and the data to it, the following commands where created: 
NumberAxis axis2 = new NumberAxis("Cost"); 
final CategoryPlot plot = chart.getCategoryPlot(); 
plot.setRangeAxis(1, axis2); 
plot.setDataset(1, dataset2); 
plot.mapDatasetToRangeAxis(1, 1); 
“dataset2” refers to the other dataset of the graph which contains information regarding the 
cost of each system. 
In addition, the yellow line that presents the information of the second dataset is formed by: 
final LineAndShapeRenderer renderer2 = new LineAndShapeRenderer(); 
renderer2.setToolTipGenerator(new StandardCategoryToolTipGenerator()); 
plot.setRenderer(1, renderer2); 
plot.setDatasetRenderingOrder(DatasetRenderingOrder.FORWARD); 
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To end, displaying the chart to the web application can be done using the following lines of 
code: 
response.setContentType("image/png"); 
ChartUtilities.writeChartAsPNG(response.getOutputStream(), chart, 1000, 500); 
 
4.5 Jena and SPARQL Queries 
After examining the interface of the system we should take a look on how this function was 
implemented. At first, as said before, the input values that the user enters, are processed by 
a form in a JSP file. Then, in a Java class using Jena, the ontology is loaded and a SPARQL 
query containing these values is submitted.  
Jena has many libraries that should be imported in the code in order to use the different 
operations that it offers. Then, all of its features can be used during coding.  
For loading the ontology using Jena, the following code was executed: 
Model m = FileManager.get().loadModel("c:/energy.owl");  
 
The SPARQL query made for this application is the following: 
PREFIX eo: <http://www.owl-ontologies.com/Ontology1364084483.owl#>  
PREFIX rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>  
SELECT (str(?n) as ?system_name) WHERE { 
  ?s rdf:type eo:System ; 
     eo:hasName ?n ; 
                   eo:hasCollector ?c ; 
                   eo:hasTank ?t . 
      rdf:type eo:Collector ; 
                   eo:hasDimensions ?d . 
 ?t rdf:type eo:Tank ; 
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                   eo:hasCapacity ?p . 
FILTER (?d >= ("+persons+"-1) &&  
  ?d <= ("+persons+"+1) &&  
  ?p >= ("+persons+"*0.8*"+waterVol+") &&  
  ?p <= ("+persons+"*1.6*"+waterVol+")) };    
 
This query uses two of the parameters that the user gives (number of persons and water 
volume per person) in order to return all system names that are appropriate for the specific 
values. Then, the returned results are matching in a CSV file according to the location that 
the user specifies. The CSV files contain all the information that appears in the table of 
results for each system. 
 
The execution of this query can be done using this code: 
 
Query query = QueryFactory.create(queryString); 
QueryExecution qe = QueryExecutionFactory.create(query, m); 
ResultSet results = qe.execSelect();    
 
The “queryString” variable is a simple String variable that contains the SPARQL query 
described above. The results can be displayed using a loop and can be saved in a list.  
 
4.6 Conclusions 
The proposed system was implemented properly as described by combining the various 
components. On the one hand, the ontology was designed by selecting an already existing 
ontology and reusing it. Based on that, the ontology illustrates the different types of solar 
heating systems with details regarding their tank, aperture, hydraulics, installation and 
collector of each system. On the other hand, the interface was implemented using the 
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Semantic Web technologies such as OWL for the ontology and SPARQL for the queries to 
it.  All of the technologies used were described in detail previously.  
To sum up, this system operates as a web decision support system that helps users choosing 
the appropriate configuration of a solar system for their household according to the input 
parameters. At last, it should be noted that the system is fully functional in accordance with 
the initial requirements.    
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5 Conclusion 
This thesis aimed to study the Semantic Web technologies and use them in order to create a 
web-based decision support system that allows users to choose the optimal configuration of 
a Domestic Solar Hot Water System. The reasons that led to the need of this system were 
described in detail in the previous chapters. A quick recap of them is given below.  
5.1 Review 
As mentioned many times before, nowadays the Web is part of everyone’s life. For that 
reason, increasing user demands led to the appearance of many deficiencies of the Web, 
with the major one to be the absence of semantics. This was the main factor that brought 
Tim Berners Lee the inspiration of the Semantic Web idea, a place where information is 
given meaning.  
Many languages, technologies and tools where developed during the last years in order to 
fulfill this inspiration. Ontologies are a basic component for the Semantic Web, since they 
are designed for modeling information in such a way so as to connect it with its meaning. 
Their existence is based on many factors such as the need to share and structure 
information, the fact that finding or sharing information is very difficult and the big gap 
between the information that is shared on the Web and its meaning. Apart from needing 
them, ontologies exist because they have many advantages such as the fact that they provide 
the means for organizing information and, also, optimizing the information found on the 
Web. Some of the most important ontology languages are XML, RDF, and RDF Schema. 
All of them were created with the aim to represent information in a structured way. 
Implementing an ontology can be done by following a series of steps, with the most basic 
ones being the definition of the concept, the possibility to reuse an existing ontology and 
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finally the creation of the classes, properties, etc. In addition to the languages mentioned 
before, another usual ontology language is OWL which is based on RDF/RDF Schema 
vocabularies.  
At this point, a very important principle of Semantic Web should be mentioned. This 
principle is based on the idea of re-using existing ontologies rather than creating new ones 
each time. This suggestion was introduced to the Semantic Web community when the 
number of existing ontologies started becoming increasingly large. With the notion that the 
Semantic Web is an area for sharing information, the idea was to encourage users to share 
their ontologies so to be can reused respective to each user’s needs. The reusability of an 
ontology can be done in many ways such as merging ontologies, aligning ontologies, 
relating ontologies, and, extending ontologies. All of them were thoroughly described in 
Chapter 2.       
Considering the many benefits and the uses of ontologies, many of them where developed 
in order to model a very important concept: Energy Management. Energy Management is a 
process that should be done in every possible field, with one of the most important to be 
Domestic level. Each household can have many advantages of the use of systems that 
collect energy from physical resources and process it to produce energy. The most common 
systems for that use are Domestic Solar Systems for producing hot water. The last part of 
Chapter 2 is devoted to descriptions of existing ontologies that deal with that kind of 
concepts.  
A Domestic Solar Hot Water System is the system that takes advantage of the solar energy 
and produces hot water for a household. These systems have many benefits for both the 
environment and the residents of the household. On the one hand, the use of such systems 
helps in reducing the environmental pollution. On the other hand, using that system has a 
huge economic benefit, since the residents will only pay the cost for the installation of the 
system, which will probably be insignificant compared to the money that will be saved from 
the electricity costs during the years.  
Countries with Mediterranean climate have a great advantage compared to others with a 
more rainy weather. Based on that, Greece is one of the countries that due to the ideal 
geographical position has many sunny days. That was the reason that Greece was one of the 
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leaders in the European Union in the solar hot water systems market. Chapter 3 has a 
section devoted to this subject.  
After studying the above, the proposed system should be developed. Many technologies and 
tools were used to develop that system. The implementation can be divided in two parts: the 
front-end and the back-end of the system. The front-end of the system is basically the web 
application where the user can search for Domestic Solar Hot Water Systems. The back-end 
of the system contains the ontology that represents the structured information about the 
solar systems, the source code (JSP files) and other technologies / tools described in 
Chapter 4. The implementation was based on Semantic Web technologies and the search for 
the appropriate system is made based on specific parameters inserted by the user (e.g. 
number of persons, water volume etc). 
 
5.2 Future Improvements 
Like all the applications, this system may evolve with some improvements.  
At first, a possible improvement is to make this system available for more countries. As 
described before, this system can suggest possible configurations for households that are 
located in Greece. Based on that, an idea is to enrich the existing system with information 
for configurations in other countries so to enable users from other countries to use the 
system. It should be mentioned that it is very easy to implement this idea since the system is 
very modular and each part of it can be optimized easily.  
As a follow of the previous suggestion, another improvement may be the translation of the 
system in other languages. An idea is to make the web application available in more 
languages and each user can choose the desired language. A first step is to enable some of 
the most common languages like English and French and afterwards other languages can be 
added.   
At last, a final suggestion is to provide to the user a personal account. Based on that, a user 
will have the chance to log in to a system and insert his/her personal details once. After that, 
the user will have his/her own personal profile. More specifically, the user would have the 
opportunity to log in and insert details for different households, water volumes or persons. 
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Hence, if for example a user has two households, the system would provide details for both 
of them. The appropriate configuration could be recommended based on this information 
and an email with more details regarding the wanted system could be send. To end, this 
information may be stored on-line in a database or another place so the user will have the 
chance to visit again the web application to view and consider the results as many times as 
he/she wants.    
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